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< lam* h4 no ' """-s - in; lv. ~Zy „>e ptn, Img .n \cA.va:v! 
Claims 164. 166, 170-174 and 1 %-229 are rejected. 

L HO ECTION S UNDER 35 U.S.C. 3 102/ § 103 OVER A7/I.VG' 
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U\;sm> .'union, at \ . ional Otikc Aumn. at A 

Applicant respectfully maintains its traversal of this rejection as articulated in Appiicai 
1,116 Amendment and incorporates its prior bases lor doing so in this Supplemental L 
Amendment In the Advisory Action, and when conlim 'up us svicvuom, . ' 1 conns, Hxami 
< < i) point to vshore in the specification the uniformity of cutting 

v , . <' v U 1 . ' 

Accordingly. Ypplkans a^pouds n> 1 vnnineris mquicx and '-espeeuuily points to t 

fo'A nxinc i l t i - hi Use sp. ?U i >> vdheh tirmb .np'o i K f eon c cut sineie-w 

carbon nanotubes ^ cut single-wall carbon nanonmcs having a substantially similar length). 

v v. c * ' ' c! earbo! 

naOon es o shout 5 \ 500 am in icn«-b h au> i l o-. , I ... mctkvj 
includes the steps of cutting single-wall nanotube containing-material to 
form a mixta re of tubular carbon molecules having lengths in the 
rang*, of 5-500 nm and isolating a fraction of the molecules hating 
substantially equal lengths. The nanocubes disclosed may he used, 
s hip es, i owe iraiisi uss o j c thles i so ar celh i 

^ .a * J- r op 1 < i 

and in composites. 
\jjtuc i- t 4 i \ v ^ s v. 
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c ely. buck iper may b sack of nanotubes which 
are homogeneous in length or diameter and'or molecular structure due to 
it k io5 ation as < t inafier. 

i f ' „ mphasis added) 

Preparation of homogeneous populations of short carbon 
rumotuhe molecules may be accomplished by cutting and annealing 
(reciosing) the nanotube pieces followed by fractionation. The cutting 
<0 v ^ ^ s i X 1 cat sedoii > 

papeu or Jo prior lo purl iicut ion uf nanotuhes o; on on material tLa 
,( a j ooJ .-v. t s _s \\ 1 on the cutting and i k * „ > >. is 
performed . c>, u is prelerabfr followed In oxidative pu u r vu and 
*. an iotpbou» the 
- * i < ^ o fk.o t^ u< h.v a > 

st p ■> v* » bee of other material. 

The short nanoluhe pieces can be ctst to a length or selected from a 
range, of lengths, that facilitates their intended use. For applications 
involving the individual, tubular molecules per se. (eaj,, derivatives, 
a.-N ! I'kut in A'ul oob\t wnet uv ^ 

cm be from just greater than the diameter of the tube up to about 
LOCK) tiroes the diameter of the tube. Typical tubular molecules will be in 
u e * ige of 1 o rs abou 5 

template arrays useful in growing carbon fibers of va \ as described 
belowc lengths o! Iron, about 50 to 501 D n are preferred 

v i o< of cut ng thai a. hie\ the desired lengt I anoiuhc 
1 t Uo he -t u i i 
i ccs v i v ^ e prefetred cutting n.eth i lotto 
with high mass ion In thi method, a sample is ubjc <. 

* v g at energies of from aboi 1 

o mm , < , l s t us ' a i 1 ^v wo i\ s WU 

\ ; ': s ^ ■> 5 v 4. uu i,ot and the like. 

Preferably, populations of individual single-wall nanotube 
nsolecules having homogeneous length are prepared starting with a 
k\ paper and cutting the nanmub^ in tht papes 
using a gold (Ah***) fast ion beam. 
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The cleaned nanotube .material may be eat into 50-500 nm 
lengths, preferably 100-300 nm lengths, by this process. The resulting 
pieces may form a colloidal suspension in water when mixed with a 
surfactant such as Triton X-l0«' tM (Aldnch. Milwaukee, WW These 
stable su«peiw» e m ? a \i\ikt\ oi s ; ! ■> --ueh a sorting by 
! a on sctrodepos.it shite 

I* j vFM i waging, 

k kwss nanner 

Combination of the foregoing cutting techniques can also he employed. 

Homogeneous populations of single-walled nanotubes may be 
prepared by fractionating heterogeneous nanotube populations after 
annealing. The annealed nanotubes may be disbursed in an aqueous 
detergent solution or an organic solvent for the fractionation. Preferably 
the tubes will be disbursed by sonicaiion in benzene, toluene, xylene or 
molten naphthalene. The primary function of this procedure is to separate 
nanbtubes that are held together in the form of ropes or mats by van der 
Wauls forces. Following separation into individual nanotubes, the 
nanotubes may be fractionated by size by using fractionation procedures 
•which are well known, such as procedures for fractionating DNA or 
po ? y m e r tract i o n at i on p ro eedur e s . 

hi general the length, diameter and heiicity of these molecules can 
be controlled to any desired value, Preferred lengths are up to Kf 
hexagons: preferred diameters are about 5 ' 50 hexagon circumference; 

Preferably, the tubular molecules are produced by cutting and 

annealing nano»u!v> fe predominate!) arm-chair tn.ns eondguraife; , 
which may be obtained by purifying material produced according to the 
m ^ i fe < , ^e 
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Example 5, Procedure for cutting SWNT into tubular carbon 
molecules 

Bueky paper (-100 microns thick) obtained by the nitration and 
m a ^ \ v.v.h v . f K c\ t V % 1 " i > m m 

l v v> S J ! ! C " 5 ! it C I' 

bullet holes on average every 100 nrar along the n tot be on tbs 
ed 2 ' ivl i c acid fo ^ ! r.s to etch 
me msmpimus carbon produced by the ma km-, m\;demeo. bdcoo 
m 1 ndroxide lor 12 hours, rcfiltcred. at 

! , < o ubes 

s \ v sed s i< ! j n Mill. >m ng I he 
Kvikj vo > j i i w - s mh v k ace < ado A 5 - < 1 f ^ . o d o u 

examined via SuM and TvM. 

{ Application, at 75, //, 8-20} 

In as c i for com own g a 

macroscopic carbon fiber comprising at. least about 10° single-wail 
nanotubes in generally parallel orientation is disclosed. In this method, a 

i « K> ei t m i , • i 

a y i ifo <ilV o t i;j oi <iuu lu\ am si bstas-voal } similar Itngih* : 

I ' i cym <( i ib o n n k pros me 

{Application, at 3d '/. 1 -m emphasis added) 

io another embodiment, a macroscopic molecular array comprising 
at least about Kb single- wail carbon nanotabes in generally parallel. 
^ , h-nnu NJibMauliaih similar lengths 1 of frof 

^ > m v ^ v. v 

\i , v. O ' 1 ^ i , t^'s 1 but 

In mmbmr eabmdnm.m. a ) mm, to > s m s 1 v pi- 
mokcular array of tubular carbon molecules is disclosed. This method 
<s n providing at least bou 10" tubular carbon 
molecules of substantially similar length in the range of 50 in 500 am; 
om -otocm... , ' u^ u mm onto at least one end oi the tubular earhmt 
■ i u providing a - m coated % a i ^ ! to which the baking 
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1 ' v \ K v I k " ^ it I ! 

oi f ! v v s h I if >. ' i n u -> Ks s 

similar 1 ngtii. ••• bo com:ar> \ dUclosos cutting nauotubes with no >^s on or 
im>th alien k» cut them < thai iheir It u * 1 tu 1 vwukl bo i\ i 1 Mmiiar h t is 
L * o \ i w$» how cut nanotubes were to be isolated such thai 

v ' ( JJ > U v, t I u X it !i/a' 5 HjK It, 1 1 K s , a M u 

Claim 164 ! > » 1 i • o f J 

c v. v v s ; ' 1 \ it eldu lev , t m e uepen Cm 

8 a ncrowave ab med in Claim ? n< endei 
Claims 209-:; sydrogen s ig de\ (as claimed in Claim 1 72 and dependent Claims 212- 

214); a battery (as claimed in Claim 173 and dependent Claims 215-217), and a fuel cell (as 
claimed in 174 and dependent Claims; 2 18-220). 

-ior d( v. i 1 suggest th the 4 purified anc 

t , \ ^ ! t O i>! * | f 1 ., _ < 

even a - v th - ie cm vincle-na'1 t \i ; t t ^ i » i - ^ uir 1 1 \ «hml t: 1 r< 1 
e f v. ! s - v < t u 5 i ! " x > t v * n 1 

fdina skill in the an to modify Kiang in order to arrive at the elements of 
i icse oh ms «, 1 n\ m room r 

Therefore, in view of the above, and in view of Applicant's 1.1 1.6 Amendment, Applicant 
again respectfully request? the Examiner iu withdraw the rejection of Chums 164. 166. 170-174 
and ) 99-220 under 35 U.S.C. § 102(a) and (b) as being anticipated by, or in the alternative, under 
35 I N C ^ U-Mi.! C^ s cr Ku;\. 



! l ' v x i u on ! t ,i i~u-P-; i >{> JOs ^> " 1 o u ( 

j 5 I Nv § H)3(a s x )iU£ mk >ver \ et < \dvi >s Action at 5 Fina Office 
Action, at 2. 

>> Kii it I i * ! t x t. s < ^pniieiint 

1.116 s. i « - iti nun Kwi *ot dom<* •►<> »r it s , < 

\ \ ] i i ^ (. i e. vine* 

* S 1 , 1 r> if v 3 ! s\ i c 1 f 3 'J ! s t i\ i t ! t i 

PiW XV. ^ ■ S Si! i! 1-1 fO 

i t s > , \ i v? 1 1 b\ sous hi x kxv et A'' s 

>Vxv <S VOl - mVI t e< s 

fhewibie igain in view o he dregoing \pplic pt yre ests the Examine 6 
withdraw the rejection of Claims 170-174, 196-198 and 206-229 under 35 U,S,C. § 103(a) as 
obvious over Kimg. 

ML REPLY TO E XAMINER'S ADDITIONAL REMARKS IN FINAL OFFICE 

ACTION 

As noted in Applicant's 1. 116 Amendment, the Examiner also contends that "Kkmg 
< homoee-e mvJuc it Vu w u<i 2 \p§ < k ; et! as » e 

s ^ v n n v ! s v IS n M<_ C f \ v. l' ' < 

well v ' ■> \«> w.v u'.o > ^ rMrti 1 1 L ere « the e N n ; » f- >,\ 
i - j v t t i j i i i e v ) hat e k ft 3- 

\ O M t> s ? * \p U t t! \ i 3 L 3 <. 

not beliex e Examine! express!} responded to this In the Ad\ isory Action. 
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IV. CONCLUSION 

\-> d !Cs > J ! + s s \U !\ \ ! '- 1 V 5 

are rvw mi a ! a; ^pa'^A ^n' ' % s cl 

AppHc.'inr hehe^e.N thai \i has >_vt!uri amh herewith >\rJ all so-,-- sequAed with this 

v i I ! - l U U \^ C v % V > J i > + v ilia! ill 

' v. o charge ic kv> to iX-vs . Yceount No Ot - k<;< A v. 

reference Attorney Docket No. 21753-012014. 

) v. ,i S sK th » 1 t 11U' d \ s f < '1 \t 

listed below if the Examiner believes thai such a discussion woiA. he • .pA. ' * n : . < % 
remaining problems. 

Respectfully submitted, 
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